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Abstract 
Soda-lime-silicate glasses with the compositions of (65-x)SiO2-25Na2O-10CaO-xDy2O3 (where x = 0.0, 0.10, 0.30, 
0.50 and 1.00 mol % ) were prepared by melt-quenching technique and characterized. The density (U) and molar 
volume (VM) obtained were found to increase with increasing Dy2O3 content. Such behaviour was accounted for by 
the differences between atomic weight and the atomic radii of the Si and Dy ions. The rare-earth ion concentration 
(N) and ionic radius (rp) were calculated. The absorption spectra of Dy3+ doped soda-lime-silicate glass correspond 
with several bands, which are assigned from the ground state, 6H15/2  to  4I13/2, 4F7/2(389 nm), 4I15/2(453 nm), 6F3/2(744 
nm), 6F5/2(797 nm), 6F7/2(892 nm), (6H7/2, 6F9/2)(1082 nm), (6F11/2, 6H9/2)(1266 nm), and 6H11/2(1649 nm). The 
refractive index of glasses was increased with the increasing of Dy2O3 concentration. 
 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
Glasses doped with rare-earth ions (REn+) are proving to be luminescence materials as they have high 
emission efficiencies. These emissions correspond to 4f–4f and 4f–5d electronic transitions in the REn+. 
The 4f–4f transition gives an especially sharp fluorescence pattern from the ultraviolet (UV) to the 
infrared region. This is due to shielding effects of the outer 5s and 5p orbital on the 4f electrons. In recent 
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years, glasses doped with rare-earth ions have drawn much attention due to their potential applications in 
solid-state lasers, optical amplifiers and three-dimensional displays [1–4]. 
Over the past few decades, great importance has been devoted to the different glass systems doped with 
rare-earth elements because of their special properties [5-7]The soda-lime-silicate glass has been found to 
be a suitable optical material with high transparency, low melting point, high thermal stability and good 
rare- earth ions solubility. On the other hand soda lime silicate glasses have superior chemical resistance 
and are optically transparent at the excitation and lasing wavelength [8]. They are more compatible with 
the fabrication process in the development of optical devices. 
The purpose of present study is to investigate the optical and physical properties of Dy3+ doped soda-
lime-silicate glass with various Dy2O3 concentration.  
 
Nomenclature 
MT average molecular weight (g) 
ȡ density (g/cm3) 
Wa  weight in air (g) 
Wb weight in xylene (g)  
Ub density of xylene (0.863 g/cm3) 
VM molar volume (cm3) 
Rm molar refraction  
n  refractive index 
R reflection loss (%) 
/th  theoretical optical basicity 
N Dy3+-ion concentration (ions/cm3) 
NA Avogadro's number 
rp polaron radius (Å) 
ri inter nuclear distance (Å) 
F field strength (cm-2) 
Z atomic number of Dy ion. 
2. Materials and Methods 
2.1.  Sample preparation 
A series of Dy3+ doped soda-lime-silicate glasses of the type (65-x)SiO2-25Na2O-10CaO-xDy2O3, 
where x = 0.0, 0.10, 0.30, 0.50 and 1.00 mol % were prepared by the melt quenching technique. 
Appropriate amounts of the raw materials, SiO2, Na2O, CaO and Dy2O3 of 99.9 % purity, were 
thoroughly mixed and ground in porcelain crucibles and were later melted in an electrical muffle furnace 
for 3 h, at 1200 qC. After complete melting, the melts were then cast into a preheated stainless steel 
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mould before immediately transferred to an annealing furnace at 500 qC for 3 h in order to eliminate 
internal mechanical stress. Finally, the as-prepared glass samples were cut and then finely polished in 
order to study their properties. The chemical compositions of the glasses with the name of samples are 
summarized in Table 1. 
Table 1. Chemical compositions of the glasses. 
Sample  Dy2O3 (mol%) Glass composition (mol%) 
SDY0  
SDY1 
SDY2 
SDY3 
SDY4 
0.00 
0.10 
0.30 
0.50 
1.00 
65SiO2–25Na2O–10CaO 
64.9SiO2–25Na2O–10CaO–0.1Dy2O3 
64.7SiO2–25Na2O–10CaO–0.3Dy2O3 
64.5SiO2–25Na2O–10CaO–0.5Dy2O3 
64SiO2–25Na2O–10CaO–1.0Dy2O3 
2.2. Density measurements 
By applying Archimedes principle, the weight of the prepared glass samples was measured in air and 
in xylene using a 4-digit sensitive microbalance (Denver, Pb214). Then, the density, U, was determined 
using the relation. 
ba
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where Wa is the weight in air, Wb is the weight in xylene and Ub is the density of xylene (Ub = 0.863 
g/cm3).The corresponding molar volume(Vm) was calculated using the relation, VM=MT/U, where MT is 
the total molecular weight of the multi-component glass system given by 
 
32322222 ODyODyCaOCaOONaONaSiOSiOT Z+xZ+xZ+xZ=  xM  (2) 
 
where xSiO2 , xNa2O, xCaO and xDy2O3 are the mole fractions of the constituent oxides, and ZSiO2, 
ZNa2O, ZCaO and ZDy2O3 are the molecular weights of the constituent oxides 
2.3. Refractive index measurement 
The refractive index were measured by using an Abbe refractometer (ATAGO) with a sodium vapor 
lamp as the light source emitting the light at a wavelength, Ȝ, of 589.3 nm (D line) and having mono-
bromonaphthalene as an adhesive coating. 
The molar refraction (Rm) derived by Volf, Lorentz and Lorenz [9] is given by  
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where n is the refractive index at 589.3 nm. 
The reflectivity of light from a surface depends upon the angle of incidence and upon the plane of 
polarization of the light. The general expression for reflectivity is derivable from Fresnel's Equations. The 
reflection loss (R) of normal incident electromagnetic wave at the absorber surface is given by  
 
    > @211  nnR                (4) 
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2.4. Optical absorption measurement 
Optical absorption spectra were recorded at room temperature using a spectrophotometer (Shimadzu, 
UV-3100), working at 350-1800 nm. 
In multi-component oxide glasses, the theoretical optical basicity, /th, was calculated based on 
equation proposed by Duffy and Ingram [10] as given by 
  ...332211 /// / xxxth               (5) 
where /1, /2 and /3 are basicities of the oxide components, and x1, x2 and x3 are their equivalent 
fractions (fraction of the total oxygen provided by the component oxide glass). 
3. Results and Discussion 
3.1. Density and refractive index 
The measured density, molar volume, refractive index and other related physical properties of Dy3+-
doped soda-lime silicate glass samples for different Dy2O3 concentrations are shown in Table 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The variation of density with the Dy2O3 content 
It is seen from the Figure 1 that, the density increases with an increase in Dy2O3 content. Since Dy2O3 
has a high relative molecular mass, therefore, it is an expected result. The change in molar volume 
depends on the rates of change of both density and molecular weight. However, the rate of increased 
molecular weight is greater than the rate of increase in density. This would be accompanied by an 
increase in molar volume, as can be seen from Table 2. The molar volume of the glass systems increases 
with the increase in Dy2O3 content, which is attributed to the increase in the number of non-bridging 
oxygen (NBOs). It may be assumed that the increase in Dy2O3 concentration at the expense of SiO2 
causes the opened glass network structure [11]. 
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Table 2. Physical and optical properties of soda-lime-silicate glass doped with Dy3+  
Physical and Optical properties SDY0 SDY1 SDY2 SDY3 SDY4 
Average molecular weight MT (g) 60.1573 60.4702 61.0960 61.7219 63.2864 
Density ȡ (g/cm3) 2.5314 ± 
0.0013 
2.5484 ± 
0.0020 
2.5739 ± 
0.0013 
2.5915 ± 
0.0016 
2.6593 ± 
0.0171 
Molar volume VM (cm3) 23.7644 23.7284 23.7364 23.8170 23.7984 
Dy3+-ion concentration Nx1022 ions/cm3 - 0.2538 0.7611 1.2642 2.5304 
Polaron radius rp (Å) - 2.9545 2.0487 1.7299 1.3727 
Inter nuclear distance ri (Å) - 7.3312 5.0837 4.2927 3.4062 
Field strength F (x1017 cm-2) - 0.7561 1.5724 2.2054 3.5027 
Refractive index n 1.5247 ± 
0.0001 
1.5274 ± 
0.0002 
1.5301 ± 
0.0001 
1.5319 ± 
0.0001 
1.5359 ± 
0.0001 
Molar refractivity Rm (cm3) 7.2793 7.2992 7.3333 7.3795 7.4192 
Reflection loss R (%) 4.3192 4.3540 4.3897 4.4138 4.4654 
Glass optical basicity /th 0.6288 0.6301 0.6329 0.6356 0.6423 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The variation of refractive index with the Dy2O3 content 
From Table 2, it has been found that refractive index and density values are increasing for all the 
glasses, with the substitution of Dy2O3 in the place of SiO2, due to higher molecular weight of Dy2O3 
compare to that of SiO2. Theoretically, the molar refraction, which depends on the refractive index, is a 
function of density and mean polarisability of the medium [12]. The density and refractive index of 
glasses with Dy2O3 concentration are show in Fig. 1 and Fig. 2, respectively. 
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3.2. Field strength 
The Dy3+-ion concentration (N) is calculated using the formula 
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where x is the mole fraction of rare earth oxide, NA is the Avogadro's number, ȡ is the density and MT  is 
the average molecular weight.  
It is observed from the Table 2 that the concentration increases with increasing Dy2O3 content in the 
glass compositions. It should be mentioned that the dysprosium ions are assumed to be uniformly 
distributed in the glass matrix 
 
The obtained values of N are used to calculate the polaron radius (rp) and inter nuclear distance (ri) 
according to the relation  
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The observed decrease of rp with increasing Dy2O3 content is most likely related to the increased value 
of (N) for Dy3+ ions. The RE ions are situated between the layers and thus the average RE-oxygen 
distance decrease. As the result of that, the Dy-O bond strength increase, producing a stronger field 
around the Dy3+ ions. The field strength (F) around Dy3+ ion is calculated according to the equation 
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where Z is the atomic number of Dy ion. Fig. 3 shows the variation of F and rp with content. The obtained 
values N, rp, ri and F are listed in Table 2. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. The variation of field strength (F) and polaron radius (rp) with Dy2O3 content 
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3.3. Results on optical absorption 
The absorption spectra of Dy3+ doped soda-lime- silicate glasses in wavelength range 350-2000 nm are 
shown in Fig. 4. The optical absorption edges are not sharply defined in glass samples under study, in 
accordance with their amorphous nature [11]. It is observed that the absorption intensity of the observed 
bands increase with an increase in Dy2O3 concentration. The spectra consist of various absorption peaks 
corresponding to the transitions between the ground state 6H15/2 and excited state. The transitions from the 
next excited state 6H13/2 may be ruled out due to thermalization as the energy gap between 6H15/2 and 
6H13/2 is around 3000 cm-1. From this spectrum, the levels of 4I13/2,4F7/2(389 nm), 4I15/2(453 nm), 6F3/2(744 
nm), 6F5/2(797 nm), 6F7/2(892 nm), (6H7/2, 6F9/2)(1082 nm), (6F11/2, 6H9/2) (1266 nm), and 6H11/2(1649 nm) 
were observed. These transitions were assigned by comparing the band positions in the absorption spectra 
with those reported in the literature [13-16]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Optical spectra of soda-lime-silicate glass doped with Dy3+ 
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Theoretical optical basicity serves in the first approximation as a measure of the ability of oxygen to 
donate a negative charge in the glasses. The theoretical optical bacity can be used to classify the 
covalent/ionic ratios of the glasses since an increasing /th, indicates decreasing covalency [17]. It is clear 
from Table 2 that, the values of /th lie in the range 0.6288-0.6423 and is found to increase as 
concentration of Dy2O3 increases. Increase in optical basicity in this work means the higher ability of 
oxide ions to transfer electrons to the surrounding cations. Since the polarizability is closely related to the 
optical basicity of oxide material. This relation agrees with many literatures [9-11] and a relationship 
proposed by Duffy [10]. A higher optical basicity of Dy2O3 than that SiO2, the doped glass is expected to 
possess higher refractive indices. 
4. Conclusions 
The Dy3+ doped soda-lime-silicate glasses were prepared at various doping concentration of Dy2O3 
and characterized for their physical and optical properties. The density and refractive index increase with 
an increase in concentration of Dy2O3. The increase in molar volume with Dy2O3 content indicates the 
extension of glass network due to increase in the number of NBOs. The absorption spectra consist of 
eight absorption bands corresponding to the absorption from the ground 6H15/2 state to the excited 6H11/2, 
6F11/2+ 6F9/2, 6H7/2+ 6F9/2, 6F7/2, 6F5/2, 6F3/2, 4I15/2, 4F7/2 and 4I13/2 states of the Dy3+ ions. 
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